The increased popularity of paravertebral block (PVB) can be attributed to its relative safety and comparable efficacy when compared with epidural analgesia. It has thus been recommended for open cholecystectomy and other less painful surgeries such as inguinal herniorraphy and appendectomy. We performed a systematic review of PVB in paediatric abdominal conditions to assess its clinical efficacy and side effects compared with other analgesic therapies. A search of Medline, Embase, and Web of Science and hand-searching references from inception date to May 2016 was done. Relevant studies were randomized clinical trials in patients 0-18 years old comparing PVB (single shot or continuous catheter) with any comparator and analgesic medication. Pain scores, rescue analgesia and adverse events were compared. The systematic reviews identified six trials enrolling 358 paediatric patients. PVB medications included bupivacaine, ropivacaine, lidocaine, and fentanyl. Surgical procedures included inguinal herniorraphy, cholecystectomy, and appendectomy. The standardized mean difference in early pain scores favoured PVB: 0.85 [95% confidence interval (CI) 0.12-1.58] at 4-6 h and 0.64 (95% CI 0.28-1.00) at 24 h. One study reported a reduced length of stay. Parental [odds ratio (OR) 5.12 (95% CI 2.59-10.1)] and surgeon 3)] satisfaction were higher in those receiving a PVB. No major complications occurred with a PVB. PVB resulted in minimally improved pain scores for up to 24 h after surgery, reduced rescue analgesia requirements, and increased surgeon and parental satisfaction. PVB is a good alternative to caudal and ilioinguinal block in paediatric abdominal surgery.
The block is simple to perform, especially with ultrasound guidance, which reduces the time to complete the block. 4 PVB has relatively few complications and comparable efficacy to epidural analgesia in adult thoracic surgery. 1 Advantages of PVB include unilateral blockade and limiting the haemodynamic changes (including hypotension) and stress response resulting from a bilateral sympathetic block. PVB provides a more complete somatosensory block than an epidural without the risk of epidural-related unintentional spinal cord damage. 5 In theory, this allows higher doses of local anaesthetic to be used with less risk. 6 In adults, randomized controlled trials (RCTs) have shown that PVB results in a prolonged period of targeted analgesia and a reduced risk of postoperative nausea, vomiting, and complications. 1 A recent review of bilateral PVB in both adults and children having midline surgery demonstrated that the risk of systemic toxicity is low despite large doses of local anaesthetic. 3 PVB has extremely low failure and complication rates in children. 7 The majority of evidence for PVB points to its efficacy compared with epidural analgesia for thoracic surgery and open cholecystectomy. Increasingly, PVB has been recommended for other less painful surgeries, such as inguinal hernia repair and appendectomy, where an epidural would not normally be considered. 8 For these lower abdominal surgeries, PVB would be considered more invasive than the common alternatives such as caudal, ilioinguinal block or local anaesthesia infiltration. The European Society for Paediatric Anaesthesiology (ESPA) has provided instructions for ultrasound-guided thoracic paravertebral blocks on their website. This includes abdominal surgeries such as inguinal hernia repair and appendectomy. The referenced supporting evidence is based on four systematic reviews and one RCT, but all trials were done in adults. 9 We asked the PICO (patient problem or population, intervention, comparison, and outcomes) question: in paediatric abdominal surgery conditions (P), does paravertebral block (I) compared with all other techniques (C) result in improved clinical outcomes (O)?
Methods
Inclusion criteria were RCTs with paediatric participants 0-18 years of age, with no year or language restrictions. Any level of PVB for a surgical operation in which an incision was made in the abdomen, including laparoscopic, inguinal, and renal surgery, was included. All drug combinations for PVB and all comparators (general anaesthesia, other nerve blocks or placebo) were included.
The primary outcomes were pain scores and requirement for rescue analgesia. Secondary outcomes were length of stay (LOS), satisfaction, and clinically relevant adverse effects, such as postoperative nausea and/or vomiting and other complications.
A librarian conducted a literature search of the following electronic databases: Web of Science (1945-present), Embase (1947-present) , and Medline (1946-present). Search terms included paravertebral near block* or catheter*. The full search strategies for each database are supplied in appendices 1-3. The date of the search was May 20, 2016. Two reviewers independently applied inclusion criteria from a review of the titles, abstracts, and keywords. Disagreements were resolved by discussion until consensus was reached. References were then hand-searched by one reviewer.
Data were extracted using a data collection form by one reviewer. The following items were recorded: operation, sample size, intervention groups, details of the interventions, sizes of intervention groups, age, outcome definition, outcome units, and outcomes data. Where a pain score was reported at a time point for activity, movement, and rest, the worst score for the time point was used. Authors of original papers were contacted with up to two e-mail attempts.
The risk of bias of each study was assessed independently by two reviewers according to the guidelines in the Cochrane Reviewer's Handbook. 10 Studies were assessed for random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective reporting, and any other potential source of bias. Any discrepancies were resolved by discussion. A loss to follow-up rate of !10% was considered the threshold for attrition bias. Meta-analysis was performed using Review Manager (RevMan for Windows, version 5.3; Cochrane Collaboration, Oxford, UK). The summary measure was the standardized mean difference for pain score and the mean difference for time to supplementary analgesia use. The summary measure was the odds ratio (OR) for postoperative vomiting, site tenderness, parental satisfaction, and need for rescue analgesia, and the mean difference for LOS. Subgroup analysis by operation type (inguinal hernia repair) was performed.
Variations in study design and the possible risk of bias (methodological heterogeneity) are presented in Table 1 . Statistical heterogeneity was calculated using the I 2 statistic to account for the variability in each effect estimate that could be due to a true difference between studies. We considered <30% as low, 30-60% as moderate, and >60% as high. Statistical significance was defined as P<0.05. A random effects model with 95% confidence intervals (CIs) was used due to anticipated heterogeneity and small sample sizes. To synthesize raw data reported in 95% CIs, the method described in the Cochrane Reviewer's Handbook was used to convert these to standard deviations (SDs) via the inverse of the t distribution. 10 
Results of the search
There were 280 publications identified in the electronic database search and 115 duplicates were removed. Six studies were included in the final, quantitative analysis. The PRISMA 11 flow diagram is reported in Figure 1 . Four study authors were contacted by e-mail and none provided additional data. No additional studies were found by hand-searching. All included studies were RCTs published in English. The total number of participants in the six studies was 358. All participants were <18 years old. Table 1 provides a full description of the characteristics of the included studies. All studies described single-shot techniques. Naja and colleagues 12 13 published two studies of inguinal herniorraphy, one comparing
Editor's key points
• Paravertebral block (PVB) has an accepted role in adult thoracic surgery.
• The benefits of PVB include lower risk of sympathetic block and neuraxial injury.
• This study identifies some beneficial effects of PVB in paediatric practice.
• Larger randomized trials are needed to confirm or refute these findings.
nerve stimulator-guided PVB with general anaesthesia and one comparing nerve stimulator-guided PVB with ilioinguinal nerve block. One study compared PVB with caudal block in children also undergoing inguinal hernia repair.
14 One study compared ultrasound-guided PVB with ultrasound-guided epidural in patients with cyanotic congenital heart disease undergoing open cholecystectomy. 15 One study compared PVB with local anaesthetic injection at port sites in children undergoing laparoscopic cholecystectomy. 16 Finally, one study compared PVB (using loss of resistance technique) with a placebo of Band-Aids in paediatric patients undergoing open appendectomy. 17 
Risk of bias in included studies

Allocation (selection bias)
All studies were at low risk of selection bias from random sequence generation, however, five of the six studies did not report adequate information for allocation concealment, therefore the risk of selection bias was unclear. Two 12 13 of these five studies reported using sealed opaque envelopes but did not state if they were sequentially numbered.
Blinding (performance bias and detection bias)
Due to the nature of interventions, blinding the anaesthetist, surgeon, and participating child with a placebo block was done in only one of the six studies. 16 However, in all five 12-15 17 remaining studies the anaesthetist and/or surgeon did not participate in the outcome measurements. Three 12 14 15 studies did not report any personnel or participant blinding, therefore it was assumed that this was not done and all received high performance bias ratings. Blinding of outcome assessment was separated by primary outcomes because all pain assessments by hospital staff were blinded but parental assessment of pain and satisfaction was not blinded. Detection bias risk assessment was therefore separated into assessment of pain outcomes, assessment of rescue analgesia outcomes, and assessment of other outcomes (such as satisfaction and complications). One study 15 did not report the blinding status of any of the three outcome assessments and another 14 did not report the blinding status for parents and these were rated as unclear risk. All three outcome groups in two of the studies 16 17 were rated as low risk for detection bias.
Two studies 12 13 had non-blinded parents assessing satisfaction and pain scores after the child was discharged, introducing bias at this measurement time period. These studies were therefore rated as high risk for detection bias for pain outcomes and other outcomes.
Incomplete outcome data (attrition bias)
One study excluded an intended patient after allocation for technical reasons and they were not included in the analysis. 16 No study exceeded the attrition threshold for patients lost to follow-up and therefore all six studies were at a low risk of attrition bias. a 20 ml of the mixture contained 6 ml lidocaine, 2%; 6 ml lidocaine, 2%, with 1/200,000 epinephrine; 6 ml bupivacaine, 0.5%; 1 ml fentanyl, 50 lg ml
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b 20 ml of the mixture contained 6.5 ml lidocaine, 2%; 6 ml lidocaine, 2%, with 1/200,000 epinephrine; 6 ml bupivacaine, 0.5%; 1 ml fentanyl, 50 lg ml À1 ; and 0.5 ml clonidine, 150 lg ml 
Selective reporting (reporting bias)
Five of the six studies reported the same outcomes as were prespecified in the methods and one study 14 appeared to be missing outcome data according to the methods, which reported collecting heart rate, blood pressure, and SpO 2 at 5, 10, 15, 30, and 60 minutes and 2, 4, 6, 12, 18, and 24 h postoperatively, although these data were absent from the results.
Other potential sources of bias
Only one study 16 specified receiving financial support. One study 15 calculated power retrospectively, but it is unclear how this might affect the conclusions drawn. Table 2 summarizes effect estimates for all of the outcomes included in the meta-analysis.
Effects of interventions
Pain score
Five authors reported data on pain scores. Two studies reported pain on a 0-10 visual analogue scale (VAS). 12 13 One study used a 0-100 VAS, 16 one used a FLACC (Face, Legs, Activity, Cry, and Consolability) score, 14 and one used a CHEOPS (Children's Hospital of Eastern Ontario Pain Scale) score. 15 The data from Eldeen 15 were not included in the meta-analysis because there was no 95% CI, SD, interquartile range, or other measure of mean distribution provided. Therefore, four studies 12-14 16 were included in the pain meta-analysis, which due to the different scales used was reported as a standardized mean difference. Figure 3 represents forest plots for these data. There was a significant standardized mean difference favouring PVB [À0.85 (95% CI À0.12-1.58)] for early pain scores (4-6 h), although inconsistency was also high (I 2 ¼88%). The same four studies 12-14 16 reported pain scores at 24 h. mean pain scores from one study 16 were provided as expected scores from a linear mixed-effects model since the raw data were not available.
Hernia repair
Subgroup analysis of pain scores after hernia repair included three studies. 
Rescue analgesia
Tug and colleagues 14 provided data on time to first analgesic requirement for the PVB cohort but not the control. Eldeen 15 and Splinter and Thomson 17 reported complete data on time to first analgesic requirement, which did not show a significant treatment effect, with a mean difference of 1.67 h (95% CI À3.93-7.27) and a high level of inconsistency (I 2 ¼95%). Figure 3 shows a forest plot for these data.
Hernia repair
The three inguinal hernia repair studies [12] [13] [14] provided data on the number of patients needing supplemental analgesia postoperatively. This showed a favourable treatment effect of PVB [OR 0.17 (95% CI 0.08-0.34)] and low inconsistency (I 2 ¼10%). Of note, in one study six patients 14 (two PVB and four caudal patients) had a failed block, defined as needing rescue analgesia after 2 h. The mean duration of analgesia was 1300 min for PVB (SD 120-1440 min). 14 A further 4 patients in the PVB group and 12 patients in the caudal group needed supplemental analgesia.
LOS
One study 12 showed that the rate of same-day discharge after inguinal hernia surgery was significantly increased in the PVB group (80% compared with 52% in the general anaesthesia group, P<0.05). No patients with PVB stayed >24 h, compared with 16% in the general anaesthesia group (P<0.05). 14 reported the incidence of failed blocks, with a 5.7% failure rate in the PVB group and an 11.4% failure rate in the caudal block group. One study 16 reported incidences of vascular puncture at a rate of 2.4% in the PVB group and 9.5% in the port site injection group. No study reported time to complete block.
Postoperative vomiting and complications
Satisfaction
Three studies, [12] [13] [14] all in patients having hernia repairs, provided data on parental satisfaction. This was defined as the number of parents who rated their satisfaction as 'excellent', and showed a significant treatment effect in favour of PVB [OR 5.12 (95% CI 2.59-10.1)] and low inconsistency (I 2 ¼0%). Two studies reported surgeon satisfaction, 12 
Discussion
This meta-analysis of randomized trials demonstrates that PVB provides a beneficial effect on pain scores at 4-6 h but not at 24 h in children after abdominal surgery. The reduction in pain scores is minimal at both time points and results are based on a meta-analysis of only four trials. PVB did not reduce PONV and seemed to be associated with more site tenderness. In the subgroup analysis of hernia repair, pain scores were reduced by a standardized mean difference of À1.19 at 4-6 h postoperatively. The benefit was maintained at 24 h in this subgroup. There was a small benefit of PVB in reducing rescue analgesia but not for time to first analgesic requirement. Parents and surgeons were satisfied with PVB analgesia. One study reported reduced LOS with the use of PVB. 12 There are a number of limitations to our review based on the quality of the original data. All trials had small sample sizes. Studies used different surgical procedures, comparative variables, and measurement scores. We were able to provide subgroup analysis data for inguinal herniorraphy only. Studies varied in PVB solution and technique for insertion, and only one study 15 used ultrasound guidance. The effect sizes were small. Furthermore, the thresholds used (such as a pain VAS 1-10 score >4 or 5) for needing rescue analgesia were also variable, as were the follow-up periods studied. Given the significant heterogeneity in the methods of the trials, we were unable to attribute a rating to the overall quality of the evidence. In addition, we were unable to perform a meta-analysis on haemodynamic data, as these were reported in only two studies 13 15 using different measures:
absolute values and percentage change from baseline. Importantly, this review showed a higher reported incidence of site tenderness (described as 'mild' or 'minimal') with PVB (8.5%) than other studies. A study by Naja and Lö nnqvist 6 previously reported a 1.3% rate of site tenderness in adults and a 0% rate in children 7 .
Ultrasound-guided PVB blocks have a high success rate and appear to be effective in reducing early pain after abdominal surgery with some site tenderness. There are short-term and long-term analgesia benefits in hernia surgery. The improvements in pain scores are minimal for PVB, but importantly the comparators in two of these studies were other regional anaesthetic techniques. If anaesthesia providers are already considering a regional technique for hernia surgery and have the available infrastructure (appropriate monitoring, equipment, training, and ultrasound availability), there are advantages to PVB. The parental and surgeon satisfaction scores are strikingly favourable for PVB compared with caudal and ilioinguinal block. The reasons for this are unclear and not available in the studies included in this review. Surgeons and parents were not blinded for these responses, so they may be biased. From our clinical experience, we hypothesize that parents may appreciate the longer duration of analgesia and the absence of weak legs in their child. The children in these studies were 3-12 years of age and therefore these adverse effects may have been more troublesome than in infants. Surgeon satisfaction is also difficult to explain, as in our experience, a PVB takes longer than the two alternatives and might delay surgery. Of course, parental satisfaction may influence surgeon satisfaction.
There are few randomized trials of PVB in paediatrics and only one trial included controversial placebo blocks as a control. Our review of the evidence of PVB compared with 'standard care' allows the clinician to make an informed decision about the risks and benefits of PVBs in paediatric abdominal surgeries and provides further explanation to the indications provided on the ESPA website. From this review, we conclude that PVB is an acceptable alternative for abdominal surgery in children, especially if factors in addition to absolute reduction in pain scores are significant for individual patients. Figure 4 Forest plots comparing PVB with any comparator on satisfaction for inguinal surgeries.
